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148a Sunday, March 6, 2011energies show good correlation with the experimental calorimetric measure-
ments (Schwarz FP, et al., Biochemistry. 1998;37(17):5867–77). The binding
free energy along the reaction coordinate shows no energetic barrier, suggest-
ing that binding of these b-galactosides to galectin-1 it is a diffusion-con-
trolled process. In addition, the simulations show that as the ligand is
pulled from the binding site, breakage of hydrogen bonds involves the forma-
tion of intermediate states where the interaction is bridged by H-bonded wa-
ter molecules. The mechanism of this kind of hydrogen bond breakage is
a step-wise distance elongation between donors and acceptors as water mol-
ecules are reorganized in the binding site.
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Molecular Dynamics Study of Structural Ensembles for Peptides Bound to
Gold Nanoparticles
Kuo Hao Lee, F. Marty Ytreberg.
Nanoparticle-peptide conjugates have numerous applications in drug deliv-
ery. To develop effective drug delivery protocols it is essential to understand
how these peptides interact with nanoparticles and how the resulting conju-
gate will interact with the cellular machinery. Therefore, characterizing the
structures of the peptides while bound to nanoparticles is important. In this
study we used molecular dynamics simulations to determine structural en-
sembles for several different peptides and the effect of conjugating the pep-
tides to a gold nanoparticle. We compared peptide structures for the case
when the peptides are in solution to the case when they are attached to the
gold nanoparticles [111] surface. Our results suggest that the interaction be-
tween the gold nanoparticle and the peptides induces a conformational
change in the peptides.
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A simulation-Based Test of the Constant Membrane Fluidity of Different
Mixed Lipid Bilayers at Different Temperatures
HaeDoGon Kim, Wonpil Kim.
It is in the textbook that cells change the lipid composition to maintain the
constant membrane fluidity in response to environmental changes. For exam-
ple, in E. coli, the ratio of the saturated fatty acids is increased as the temper-
ature increases, and that of the unsaturated fatty acids is increased as the
temperature decreases to keep the constant fluidity of membrane bilayer-
s.(Noriaki Katsui, Tetsuaki Tsuchido, Mitsuo Takano, and Isao Shibasaki,
1981) The aim of this work is to investigate the membrane fluidity. We
have performed molecular dynamic simulations of twenty lipid systems
with pure palmitoyloleoylphosphatidylcholine(POPC), pure dioleoylphospha-
tidylcholine(DOPC), pure dipalmitoylphosphatidylcholine(DPPC), mixtures
of DOPC and DPPC, and mixtures of DOPC, DPPC, and POPC. These sys-
tems were simulated at four different temperatures: 283K, 293K, 303K, and
313K. The ratios of lipids in mixed bilayer systems differ according to their
temperatures. We ran three independent runs for each system at each temper-
ature to improve the conformational sampling and the statistics of the results.
We will present various membrane properties, such as chain order parameters,
membrane thickness, per-lipid areas, compressibility, for each system in
each temperature, and discuss the results in terms of the membrane constant
fluidity.
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Dynamics of Multi-Domain Proteins; Going from an All-Atom Represen-
tation to a Protein-Domain Representation
Iwona Siuda, Lea Thogersen.
Many biologically interesting phenomena occur on a time scale which is
out of reach for atomistic molecular dynamics simulations, therefore coarse
grained (CG) description of the system is applied. In recent years, CG
models, with a resolution at the residue level for proteins, have gained
great popularity, due to its balance between
accessible time scale and detail level. How-
ever, changes in secondary and tertiary
structure cannot be described within these
models, as the structure is kept stable, and
biased towards the initial structure, with
harmonic restraints. In the current formula-
tion, these restraints are necessary to main-
tain the correct structural scaffold (2).
Here I will present a study where the qualities
of three levels of coarse graining are compared
for a two-domain protein. Simulations are car-
ried out at the all-atom level, the MARTINICG level (1), the ELNEDIN level (2), and a modified ELNEDIN model, where
the elastic network is only set up internally in the domains (domELNEDIN).
(1) Monticelli, L. et al., JCTC 2008, 4, 819–834.
(2) Periole, X. et al., JCTC 2009, 5, 2531–2543.
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Improving Internal Peptide Dynamics in the Coarse-Grained MARTINI
Model: Application in Amyloid Peptide Aggregation
Mikyung Seo, Peter Tieleman.
The assembly of misfolded protein aggregates into amyloid fibrils is at the
heart of the development of neurodegenerative disorders such as Alzheimer’s
disease and prion diseases [1, 2]. Despite its significance, the driving forces
behind the aggregation of peptides and protein misfolding are not well under-
stood. In order to gain molecular insight into the aggregation of amyloid pep-
tides, we carried out computer simulations using the coarse-grained (CG)
model. The application of CG models to peptide aggregation allow for a di-
rect examination of the process in silico since they offer the possibility of
investigating complex biological processes over relatively long periods of
time and length scales at a reduced level of detail. The recently developed
MARTINI coarse-grained model [3], in particular, reproduces a wide range
of lipid properties as well as lipid-protein interactions for rigid proteins. Pro-
tein folding and aggregation however often involve significant transitions be-
tween secondary structures and hence requires that the proteins be flexible
during the simulations. We present recent advances on our extension of the
MARTINI model to more accurately describe the internal flexibility of pep-
tides by introducing in the energy function a term that accounts for the dihe-
dral potentials on the peptide backbone. The improved model is applied to
the self-assembly of beta-sheet forming peptides as a simple model system
for aggregation. We characterize the conformation of peptides and follow
their self-aggregation in water and at the water-octane interface. Peptide-pep-
tide interactions as well as the interactions of the aggregates with their sur-
roundings are examined.
1. Lu¨hrs, T. et al., Proc. Natl. Acad. Sci. USA, 102, 17342–17347 (2005)
2. Nelson, R. et al., Nature, 435, 773–778 (2005)
3. Monticelli, L. et al., J. Chem. Theory and Comput., 4, 819–834 (2008)
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Abstract
Ceramide is the simplest molecule in the class of glycosphingolipids com-
posed of a sphingosine backbone and acyl moiety. It plays significant roles
in cell signaling, apoptosis, binding of hormones, toxins, and viruses, and
many other biologically important functions. Sphingomyelin, ceramide with
a phosphotidylcholine head group, is another biologically vital lipid present
in nerve cell axons’ myelin sheath. In order better understand the biophysical
and thermodynamic properties of these molecules and their mixtures, we have
preformed NPT molecular dynamics simulations of hydrated 16:0 sphingo-
myelin bilayers with increasing concentrations of 16:0 ceramide at 323 K,
332 K, 340 K, and 358 K. From our results, we have identified possible phase
behaviors corresponding to liquid ordered and liquid disordered phases as-
sessed from analysis of the acyl chain nematic order parameter, simulated
electron densities, and volume and membrane area calculations. We will
also discuss the results as they compare to NMR and DSC experiments on ce-
ramide and other sphingolipids.
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FFopt: An Automated Molecular Dynamics Force Field Parameter
Optimization
Joseph C. Fogarty, Adri C.T. van Duin, Ananth Y. Grama, Sagar A. Pandit.
An empirical Molecular Dynamics (MD) force-field’s usefulness is limited by
the accuracy of the parameter set. FFOpt is a general approach for optimization
of these parameters. The method explores a vector field in parameter space,
searching for minima. The field is determined by the error in the comparison
of MD observables with external data. These data can consist of experimentaly
determined quantities as well as the results of ab initio quantum calculations.
Different geometries are used to generate comparable MD data. The method
has been applied to Purdue Reactive Molecular Dynamics (PuReMD). A train-
ing set of quantum mechanical data is used to tune a force-field for the simu-
lation of water systems. We present the results of the parameter fitting
procedure, as well as comparison of PuReMD data with experimental and quan-
tum data.
